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1. INTRODUCTION {#joa312252-sec-0005}
===============

The incidence of atrial fibrillation post‐cardiac surgery is estimated to be around 30%‐40%.[1](#joa312252-bib-0001){ref-type="ref"} Atrial fibrillation post‐cardiac surgery, being associated with increased morbidity and mortality, is also associated with increased utilization of medical resources and surged health‐care cost. Consequently, there has been a quest toward the need for an ideal and noninvasive method for the prevention of atrial fibrillation post‐cardiac surgery. Drugs like beta blockers have been studied and scrutinized for prevention of atrial fibrillation post‐cardiac surgery with commendatory results.[2](#joa312252-bib-0002){ref-type="ref"} Remote ischemic preconditioning technique has recently gained popularity as a method to prevent ischemic reperfusion injury during cardiac surgery. The technique consists of inducing brief episodes of ischemia followed by reperfusion in a remote vascular territory or an organ. The technique has also been studied to prevent acute kidney injury following cardiac surgery.[3](#joa312252-bib-0003){ref-type="ref"} However, the evidence regarding the effect of remote ischemic preconditioning on the risk of atrial fibrillation post‐cardiac surgery is controversial. Several meta‐analyses in the field have failed to analyze the effect of remote ischemic preconditioning on the risk of new onset atrial fibrillation (NOAF) post‐cardiac surgery. Therefore, we performed an updated meta‐analysis of randomized control trials by comparing remote ischemic preconditioning with controls and the outcome of interest was NOAF, for pooled estimation in meta‐analysis.

2. METHODS {#joa312252-sec-0006}
==========

The systemic review was performed in accordance with the PRISMA (Preferred reporting items for systemic review) and AHA (American heart association) guidelines.[4](#joa312252-bib-0004){ref-type="ref"}, [5](#joa312252-bib-0005){ref-type="ref"} We performed a systematic search through PubMed database to identify relevant randomized control trials from inception to July 2019. The following terms were used for systematic search in the PubMed database---\"remote ischemic pre‐condition\*, \"remote ischemic precondition\*\", \"cardiac surgery\", \"bypass‐surgery\", \"bypass\", \"surgical aortic valve replacement\", SAVR. The search strategy is further elaborated in the supplementary file. The inclusion criteria for studies were: randomized control trials studying the effect of remote ischemic preconditioning juxtaposed to controls in subjects undergoing cardiac surgery and reporting the incidence of NOAF. Articles were not excluded based on sample size. Only manuscripts published in English were considered for final analysis. The database search was augmented with manual search of bibliographies of included articles, to include relevant articles not identified by database search. The PRISMA flow chart for inclusion of studies is depicted in Figure [1](#joa312252-fig-0001){ref-type="fig"}.

![PRISMA flow chart](JOA3-35-789-g001){#joa312252-fig-0001}

Two authors AK and MS independently screened the abstracts to include relevant articles and performed data extraction. Any disparity was resolved by mutual consensus. Data extraction was performed in accordance with a standardized predefined data extraction form. The following data were extracted from each study: author\'s name, year of study, study design, number randomized, mean age, percentage male, primary outcomes of interest, number of individuals with NOAF in the intervention and control group.

We used Mantel‐Haenzsel method with random error model to calculate risk ratio (RR) with 95% confidence interval (CI). Heterogeneity was assessed using the *I* ^2^ test \> 50% or *χ* ^2^ *P *\< .05. Publication bias was visually assessed using funnel plot. The analysis was carried out using RevMan Version 5.3. (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014).

3. RESULTS {#joa312252-sec-0007}
==========

The systematic search unveiled a total of 171 eligible articles. Twelve randomized control trials were included in the final analysis.[3](#joa312252-bib-0003){ref-type="ref"}, [6](#joa312252-bib-0006){ref-type="ref"}, [7](#joa312252-bib-0007){ref-type="ref"}, [8](#joa312252-bib-0008){ref-type="ref"}, [9](#joa312252-bib-0009){ref-type="ref"}, [10](#joa312252-bib-0010){ref-type="ref"}, [11](#joa312252-bib-0011){ref-type="ref"}, [12](#joa312252-bib-0012){ref-type="ref"}, [13](#joa312252-bib-0013){ref-type="ref"}, [14](#joa312252-bib-0014){ref-type="ref"}, [15](#joa312252-bib-0015){ref-type="ref"}, [16](#joa312252-bib-0016){ref-type="ref"} This sums up to a total of 2652 procedures in the remote ischemic preconditioning group and 2667 procedure in the control group. There were three prominent studies of the 12 included studies,[10](#joa312252-bib-0010){ref-type="ref"}, [14](#joa312252-bib-0014){ref-type="ref"}, [16](#joa312252-bib-0016){ref-type="ref"} which together constituted more than 75% of the patients in the final analysis. Baseline characteristics of included studies are shown in Table [1](#joa312252-tbl-0001){ref-type="table"}. The exact technique of remote ischemic preconditioning used in each included trial has also been outlined in Table [1](#joa312252-tbl-0001){ref-type="table"}. Of the 12 randomized control trials included, only eight trials randomized patients undergoing coronary artery bypass surgery. The PRISMA checklist is provided in the supplementary file (Table [S1](#joa312252-sup-0002){ref-type="supplementary-material"}).

###### 

Baseline characteristics of included studies

  Study               Year   Study design   Number randomized (intervention/control)   Participant selection                                  Method of remote ischemic preconditioning                                                                                                                                                                                                     Mean age (intervention/control) in years   Percentage male (intervention/control) %   Primary outcome of interest in the study
  ------------------- ------ -------------- ------------------------------------------ ------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------ ------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------
  Bagheri et al       2018   RCT            87/90                                      Patients undergoing CABG                               The RIPC group received three sequential sphygmomanometer cuff inflations on their right upper arms. There was a gap of 5 minutes between each inflations                                                                                     63/64                                      60/56                                      Acute kidney Injury
  Tuter et al         2018   RCT            40/40                                      Patients undergoing CABG                               Three cycles of 10 minutes of ischemia were applied to the right lower limb at the level of the upper third of the thigh by inflation of a blood pressure cuff to 200 mm Hg, followed by 10 minutes reperfusion while the cuff was deflated   64/64                                      82/77                                      Primary endpoint was serum concentration of troponin I and lactate 2 and 24 hours after surgery.
  Lotfi et al         2016   RCT            51/51                                      Patients undergoing CABG                               Treatment group received three sequential sphygmomanometer cuff inflations on their right upper arm after induction of anesthesia. Each inflation and deflation lasted for 5 minutes                                                          69/69                                      76/63                                      New onset atrial fibrillation
  Candilio et al      2015   RCT            89/89                                      Patients undergoing CABG or valve surgery.             5 minutes cycles of simultaneous upper arm and thigh cuff inflation/deflation, two cycles, Cuff pressure raised to 200 mm Hg                                                                                                                  65/66                                      81/75                                      Perioperative myocardial injury
  ERICCA              2015   RCT            779/794                                    Patients undergoing CABG with EuroSCORE 5 or higher.   A standard blood‐pressure cuff was placed on the upper arm, inflated to 200 mm Hg, and left inflated for 5 minutes, followed by 5 minutes deflation, four cycles                                                                              76/76                                      70/73                                      Combined primary end point of death from cardiovascular causes, nonfatal myocardial infarction, coronary revascularization, or stroke
  RIPHeart            2015   RCT            690/690                                    Patients undergoing elective cardiovascular surgery    5‐minute blood‐pressure cuff inflation to ≥200 mm Hg, but at least 15 mm Hg higher than the patient\'s actual systolic arterial pressure, followed by 5‐minute cuff deflation, four cycles                                                    66/66                                      75/73                                      Composite of death, myocardial infarction, stroke, or acute renal failure
  Krogstad et al      2015   RCT            45/47                                      Patients undergoing CABG                               The RIPC stimulus comprised three 5‐min cycles of upper arm ischemia, induced by inflating a blood pressure cuff to 200 mm Hg, with an intervening 5 minutes reperfusion, three cycles                                                        64/64                                      93/91                                      New onset atrial fibrillation
  Hong et al          2014   RCT            644/636                                    Patients undergoing elective cardiac surgery           The cuff was inflated to 200 mm Hg for 5 minutes and deflated for 5 minutes. This inflation‐deflation cycle was repeated four times. This inflation‐deflation protocol was applied twice immediately after induction of anaesthesia           61/61                                      61/61                                      Major adverse cardiac events
  Slagsvold et al     2014   RCT            30/30                                      Patients undergoing CABG                               RIPC was performed preoperatively by inflating a blood pressure cuff on the upper arm to 200 mm Hg for 3 × 5 minutes, with 5 minutes reperfusion intervals                                                                                    64/68                                      90/77                                      Mitochondrial respiration
  Meybohm et al       2013   RCT            90/90                                      Patients undergoing cardiac surgery                    5‐minute blood pressure cuff inflation to 200 mm Hg, a cuff‐pressure at least 15 mm Hg higher than the systolic arterial pressure measured via the arterial line, and 5‐min cuff deflation, four cycles                                       70/68                                      77/85                                      Postoperative neurocognitive dysfunction
  Lucchinetti et al   2012   RCT            27/28                                      Patients undergoing CABG                               Four 5‐minute cycles of 300 mm Hg cuff inflation/deflation of the leg before aortic cross‐clamping                                                                                                                                            59/62                                      96/86                                      High‐sensitivity cardiac troponin T
  Rahman et al        2010   RCT            80/82                                      Patients undergoing CABG                               Upper limb (, 5‐minute cycles of 200 mm Hg cuff inflation/deflation, three cycles                                                                                                                                                             63/65                                      89/88                                      Troponin T (cTnT)

Abbreviations: CABG, coronary artery bypass graft; RCT, randomized control trial; RIPC, remote ischemic preconditioning.

John Wiley & Sons, Ltd

Remote ischemic preconditioning did not alter the risk of NOAF post‐cardiac surgery \[RR: 0.95, CI: 0.83‐1.09, *P* = .48, *I* ^2^ = 37%, *χ* ^2^ *P* = .09\] (Figure [2](#joa312252-fig-0002){ref-type="fig"}). There was no heterogeneity associated with the pooled estimate as evident from the *I* ^2^ and *χ* ^2^ *P*‐value. Visual inspection of the funnel plot did not depict publication bias (Figure [S1](#joa312252-sup-0001){ref-type="supplementary-material"}).

![Forest plot for new onset atrial fibrillation(NOAF) post‐cardiac surgery. The experimental group depicted in the forest plot was the group who underwent remote ischemic preconditioning. M‐H; Mantel‐Haenzsel method,CI; confidence interval](JOA3-35-789-g002){#joa312252-fig-0002}

4. DISCUSSION {#joa312252-sec-0008}
=============

An updated meta‐analysis comparing remote ischemic preconditioning with controls using the data from 12 randomized control trials with 2652 procedures in the intervention arm and 2667 procedures in the control arm was performed. The main result of this meta‐analysis concluded that remote ischemic preconditioning prior to cardiac surgery did not curtail the risk of NOAF. To our knowledge, this was the first meta‐analysis researching the effect of remote ischemic preconditioning on NOAF, prior to cardiac surgery.

A study by Krogstad et al had similar conclusion as our meta‐analysis which found no difference in the incidence of NOAF among the remote ischemic precondition group as compared to the control group undergoing cardiac surgery.[15](#joa312252-bib-0015){ref-type="ref"} Besides, the three large trials, studying the effect of remote ischemic preconditioning on clinical outcomes in patients undergoing cardiac surgery, namely the RIPHeart trail, the ERICCA trial, and the study by Hong et al, found no beneficial effect of remote ischemic preconditioning on the incidence of NOAF post‐surgery.[10](#joa312252-bib-0010){ref-type="ref"}, [14](#joa312252-bib-0014){ref-type="ref"}, [16](#joa312252-bib-0016){ref-type="ref"}

The results of this meta‐analysis are however incongruous with the results of a randomized control trial which concluded that remote ischemic preconditioning reduced the inducibility and sustainability of nonvalvular atrial fibrillation. Additionally, the study also concluded that these changes were possibly mediated by alteration in the electrophysiological properties of the atria.[17](#joa312252-bib-0017){ref-type="ref"} In a study by Candilio et al, remote ischemic precondition significantly reduced the incidence of NOAF among subjects undergoing cardiac surgery.[6](#joa312252-bib-0006){ref-type="ref"} Furthermore, Candilio et al also concluded that remote ischemic preconditioning reduced perioperative myocardial injury in patients undergoing cardiac surgery, which could have contributed to the reduced incidence of NOAF. Supporting the previous study was a study by Slagsvold et al, which concluded that remote ischemic preconditioning minimized the incidence of NOAF among subjects undergoing coronary artery bypass graft. The study further concluded that this reduction in incidence of NOAF can be accredited to preserved mitochondrial function by remote ischemic preconditioning and its influence on myocardial MicroRNA (miR) expression of the atrial myocardium among subjects undergoing coronary artery bypass surgery.[9](#joa312252-bib-0009){ref-type="ref"} The study adumbrated regarding the prevention of miR upregulation by remote ischemic preconditioning prior to cardiac surgery. Increased miR expression has been associated with greater extent of myocardial injury following ischemia reperfusion injury.[18](#joa312252-bib-0018){ref-type="ref"} Disarray in the functioning of mitochondria increases the risk of disturbance in the homeostasis of electrolytes and cardiac arrhythmia.[9](#joa312252-bib-0009){ref-type="ref"} Further in another study by Slagsvold et al, the authors demonstrated the cardioprotective effect of remote ischemic preconditioning by preserving the mitochondrial activity and activation of the protein kinase akt in left ventricle of the patients undergoing coronary artery bypass surgery. It has been postulated that activation of protein kinase akt plays a beneficial role in the survival of myocardial cells during cardiac surgery.[19](#joa312252-bib-0019){ref-type="ref"} The possible role of remote ischemic preconditioning in altering the ionic distribution along the cellular component of the atria has also been postulated.[17](#joa312252-bib-0017){ref-type="ref"}

There are several limitations in our analysis. First, we have not attributed in our analysis the biases that could be associated with each randomized control trial. Second, we have concentrated only on NOAF and not analyzed the effect of remote ischemic precondition on other types of arrhythmias. Third, different anesthetic agents used during cardiac surgery are known to have varied effect on the risk of NOAF post‐cardiac surgery and has not been attributed in our present analysis. Fourth, this is a study level meta‐analysis and future patient level meta‐analysis would provide better evidence. Finally, the method used for inducing remote ischemic preconditioning varied slightly in each trial and has not been attributed in the present analysis.

In conclusion, the present meta‐analysis of randomized control trials did not delineate any beneficial effect of remote ischemic preconditioning on the risk of NOAF.
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